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SOLENOID CONTROLS, SYSTEMS, AND 
METHODS OF USE FOR OBTAINING 

OPTIMUM BATTERY LIFE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to US. Pro 
visional Patent Application Ser. No. 60/847,482, ?led Sep. 
26, 2006, the contents of all of Which are incorporated herein 
by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

REFERENCE TO APPENDIX 

[0003] Not applicable. 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 
[0005] This disclosure relates generally to controllers for 
use With batter-poWered solenoids, and more particularly to 
controllers capable of providing intelligent controlling 
mechanisms Which can provide the necessary poWer to oper 
ate such a solenoid While simultaneously maximizing battery 
life, as Well as systems including such controllers and meth 
ods for their use. 
[0006] 2. Description of the Related Art 
[0007] The use of solenoids in battery and battery-related 
applications and devices often require that the operating 
parameters for the coil or coils Within the solenoid to be 
designed so as to be able to accommodate the loWest voltage 
that Would be available from the battery in its end of life 
condition. For example, tWo alkaline battery cells could pro 
duce 3 volts When they are neW, but at the end of life the 
voltage could be about 2.4 volts, or even as loW as 1.8 volts, 
depending upon other limitations Which may be speci?c to 
the device itself. If the coil is designed to operate at 2.4 volts, 
then When neW batteries are used to poWer the device, the 
poWer consumption Will be 56% greater than the value 
required to operate the solenoid. While this does not typically 
effect device function, it does have a signi?cant negative 
impact on the battery life of the battery and the operation of 
the device, sometimes leading to device failure attributed to a 
depleted battery at inopportune times. In certain instances, 
depending upon the use of the solenoid, such premature bat 
tery failure can result in costly problems. Additionally, 
depending upon the speci?cs of the battery, replacement costs 
and/or disposal of prematurely expended batteries may be 
cost prohibitive. 
[0008] Several approaches have been made in attempts to 
control, optimiZe, or extend the battery life of batteries asso 
ciated With solenoids or solenoid-containing devices and 
apparatus. For example, for those devices Where the solenoid 
contains a How ori?ce Within the solenoid, the siZe and geom 
etry of the How ori?ce Within the solenoid has been adjusted 
so as to control or extend the associated battery life of the 
poWer source. Other approaches have involved the use of 
maintenance voltage. The disadvantages of many of these 
approaches, hoWever, is that they are application speci?c, and 
cannot be readily adapted to a range of solenoid-containing 
devices. 
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[0009] Consequently, due to the high replacement cost of 
batteries and the environmental sensitivity to lead-based and 
other types of batteries, it is desirable to extend the life of 
batteries used to poWer solenoid-containing devices. It is 
desirable to have an apparatus for providing a control mecha 
nism or algorithm that can provide the necessary poWer to 
operate the solenoid Within or associated With a device, While 
simultaneously maximiZing or extending the battery life of 
the battery source associated With the solenoid. Further, it is 
desirable to provide a solenoid control means, such as a 
control algorithm or method, Which can operate a solenoid 
throughout the range of battery voltage in a manner that 
optimiZes the discharge of the battery, and Which may be 
modi?ed to be application speci?c as necessary. 
[0010] This application for patent discloses solenoid con 
trollers, control algorithms, systems including such control 
lers and control algorithms, and methods for their use in 
optimiZing battery life in systems comprising solenoids in 
battery applications. 

BRIEF SUMMARY OF THE INVENTION 

[0011] In accordance With one aspect of the present disclo 
sure, a controller for use With a solenoid driven by a battery 
source having a range of battery voltage is described, the 
controller comprising a control algorithm capable of operat 
ing the solenoid throughout the range of battery voltage While 
simultaneously substantially optimiZing the voltage output 
discharged from the battery source. 
[0012] In accordance With a ?lrther aspect of the present 
disclosure, a method of using a controller to optimiZe poWer 
delivery to a solenoid from a battery is described, the method 
comprising dividing the operating time of the solenoid into a 
plurality of time periods using a controller algorithm; and 
optimiZing the poWer delivered to each of the time periods 
using the controller, Wherein the amount of poWer delivered 
in any of the time periods is at least the minimum amount 
necessary for normal operation of the solenoid. In accordance 
With this aspect, the controller may optimiZe the poWer deliv 
ered to each of the time periods using peak-and-hold methods 
or associated control algorithms. Such peak-and-hold meth 
ods may be capable of providing a higher poWer time interval 
to operate a solenoid initially, and then providing a reduction 
in battery poWer su?icient to maintain the solenoid in an 
engaged position for an extended period of time. 
[0013] In accordance With yet another aspect of the present 
disclosure, a system for optimiZing the battery life of a device 
comprising a battery-operated solenoid is described, the sys 
tem comprising a battery capable of producing voltage to 
poWer a solenoid, a solenoid, and a controller capable of 
utiliZing a control algorithm, Wherein the control algorithm is 
capable of optimiZing poWer consumption of the solenoid, 
monitoring the battery voltage and adjusting the voltage to the 
solenoid in an appropriate manner so as to minimiZe battery 
voltage output, and/or dividing the operation time line of the 
solenoid into a plurality of Zones, Wherein the poWer deliv 
ered from the battery to the solenoid is optimiZed in each 
Zone. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0014] The folloWing ?gures form part of the present speci 
?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
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understood by reference to one or more of these ?gures in 
combination With the detailed description of speci?c embodi 
ments presented herein. 
[0015] FIG. 1 illustrates a current versus time diagram 
illustrating hoW a controller and the associated algorithm can 
divide solenoid operating time, in accordance With an aspect 
of the present disclosure. 
[0016] While the inventions disclosed herein are suscep 
tible to various modi?cations and alternative forms, only a 
feW speci?c embodiments have been shoWn by Way of 
example in the draWings and are described in detail beloW. 
The ?gures and detailed descriptions of these speci?c 
embodiments are not intended to limit the breadth or scope of 
the inventive concepts or the appended claims in any manner. 
Rather, the ?gures and detailed Written descriptions are pro 
vided to illustrate the inventive concepts to a person of ordi 
nary skill in the art and to enable such person to make and use 
the inventive concepts. 

DETAILED DESCRIPTION 

[0017] One or more illustrative embodiments incorporating 
the invention disclosed herein are presented beloW. Not all 
features of an actual implementation are described or shoWn 
in this application for the sake of clarity. It is understood that 
in the development of an actual embodiment incorporating 
the present invention, numerous implementation-speci?c 
decisions must be made to achieve the developer’s goals, such 
as compliance With system-related, business-related, govem 
ment-related and other constraints, Which vary by implemen 
tation and from time to time. While a developer’s efforts 
might be complex and time-consuming, such efforts Would 
be, nevertheless, a routine undertaking for those of ordinary 
skill the art having bene?t of this disclosure. 
[0018] In general terms, Applicants have created an intel 
ligent controller capable of simultaneously providing the 
poWer necessary to operate a solenoid While simultaneously 
optimiZing and maximizing batter life, as Well as systems for 
use With such controllers. This may be accomplished using a 
controller or control means capable of monitoring and adjust 
ing battery voltage, using the peak and hold method to reduce 
battery poWer consumption by one or more solenoids. 
[0019] Turning noW to FIG. 1, a current versus time chart 
10 is illustrated, shoWing generally hoW a controller or con 
troller means, in accordance With the present disclosure can 
monitor a battery voltage output over time, using a control 
algorithm based on the operating time line of the solenoid of 
the device. Suitable controller or control means Which may be 
used in accordance With the present disclosure are capable of 
generating and utiliZing one or more control algorithms, such 
that the control algorithm is capable of both providing poWer 
to operate a solenoid (or the equivalent) and operating the 
solenoid throughout the range of voltage Which can be pro 
duced by a battery associated thereWith. This control algo 
rithm, as generally described herein, is capable of operating a 
solenoid poWered at least in part by a battery throughout the 
range of battery voltage in a manner that optimiZes the dis 
charge of the battery itself, such as by a peak-and-hold 
method. This, in turn, results in maximiZed battery life. The 
loWer line, 12, in FIG. 1 represents the solenoid current over 
time, While the upper line 14 represents the controller output 
voltage over time (x-axis). As shoWn therein, the controller 
can divide the operating time line of the solenoid into a 
plurality of different Zones, 20-29, as appropriate, and simul 
taneously optimiZes the poWer delivered to each Zone during 
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each time period, so that the amount of poWer needed by the 
solenoid from the battery is the minimum needed based on 
proper operation of the solenoid or the solenoid-containing 
device itself It should be noted that the plurality of Zones 20, 
22, 24, 26, 27, 29 depicted and described herein, in associa 
tion With FIG. 1, this number of Zones is meant to be illustra 
tive only. In accordance With aspects of the present disclo 
sure, the plurality of different Zones Which the controller may 
divide the operating time line of the solenoids into can range 
from 2 to 20, or more (as appropriate), including but not 
limited to 3, 4, 6, 8, l0, l2, l4, l6, l8, and 20 ‘Zones’, as Well 
as a number of Zones betWeen any of these numbers, such as 
5,7, 9, or 11 Zones. 

[0020] More speci?cally, as shoWn in FIG. 1, as the sole 
noid current 12 initially increases at the start of operation of 
the solenoid-containing device, there is a period of full output 
voltage 20 by the controller, as the ?ux in the solenoid builds 
up. In the next stage, 22, as the solenoid current is maximiZed 
at point 18, the controller steps doWn in current to a period of 
controlled poWer. This period of controlled poWer is equiva 
lent to the operation of the solenoid and/or solenoid-contain 
ing device at a minimal voltage. In the succeeding period, as 
the solenoid current begins to decrease during device opera 
tion, the controller adjusts the output to a period 24 Wherein 
the period has a controlled poWer of minimum voltage. This 
controlled poWer can range from about 60% to about 80%, 
more preferably from about 65% to about 75%, and even 
more preferably, about 70% of the minimum voltage. 
[0021] As the solenoid current 12 begins to taper off, the 
controller output voltage 14 enters a controlled ramp doWn 
period of operating poWer, period 26, Wherein the controller 
gradually reduces the output voltage from about 75% to about 
60% over a period of time. Finally, as the solenoid enters the 
area of Working current ranges, Which may be in the shape of 
a sinusoidal Wave 25 as illustrated in FIG. 1, the controller 
enters a holding period 28, Wherein the controller adjusts the 
output voltage from the battery to the solenoid in such a 
manner so as to cause the solenoid or solenoid-containing 

device to operate at the loWer level of retention. In accordance 
With an aspect of the present disclosure, the poWer level is 
oscillated betWeen higher poWer levels 27 and loWer poWer 
levels 29 at a rate of time that is designed to minimize the area 
under the current-versus-time curve 10, While simultaneously 
preventing the solenoid from losing retention. 
[0022] The systems described herein comprise one or more 
solenoids associated With a plurality of devices and having a 
Wide range of batteries, such batteries providing at least a 
portion of the poWer necessary to operate the solenoids. Suit 
able batteries for purposes of the present disclosure include 
but are not limited to alkaline batteries capable of producing 
from 1 V to 12 V of poWer, smaller batteries Which produce 
from 0.1 mV to l V of poWer, alkali-metal (e. g., Li-ion), 
rare-earth, and transition element (e.g., lead) containing bat 
teries, and batteries capable of producing greater than 12 V of 
poWer, e.g., up to and greater than 100 V. Thus, the range of 
suitable voltages ranges from about 0.1 mV to about 100 V, as 
Well as values in betWeen these values, including but not 
limitedto 1V, 2.5V, 3.3V, 4.2V, 6V, 9V, 10V, 12V, 15V, 16 
V, 36 V, 100 V, and voltages betWeen any tWo of these values. 
[0023] The present disclosure has been described in the 
context of preferred and other embodiments and not every 
embodiment of the invention has been described. Obvious 
modi?cations and alterations to the described embodiments 
are available to those of ordinary skill in the art. The disclosed 
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and undisclosed embodiments are not intended to limit or 
restrict the scope or applicability of the invention conceived 
of by the Applicants, but rather, in conformity With the patent 
laWs, Applicants intends to protect all such modi?cations and 
improvements to the full extent that such falls Within the 
scope or range of equivalent of the following claims. Further, 
all of the compositions, processes, methods, systems, and/or 
apparatus disclosed and claimed herein can be made and 
executed Without undue experimentation in light of the 
present disclosure. While the compositions and methods of 
this disclosure have been described in terms of preferred 
embodiments, it Will be apparent to those of skill in the art that 
variations may be applied to the compositions, methods, 
apparatus and/ or processes and in the steps or in the sequence 
of steps of the methods described herein Without departing 
from the concept and scope of the invention. Additionally, it 
Will be apparent that certain agents Which are both chemically 
or mechanically/functionally related may be substituted for 
the agents described herein While the same or similar results 
Would be achieved. All such similar substitutes and modi? 
cations apparent to those skilled in the art are deemed to be 
Within the scope and concept of the invention 
What is claimed is: 
1. A controller for use With a solenoid driven by a battery 

source having a range of battery voltage, the controller com 
prising: 

a control algorithm capable of operating the solenoid 
throughout the range of battery voltage While simulta 
neously substantially optimiZing the voltage output dis 
charged from the battery source. 

2. A method of using a controller to optimiZe poWer deliv 
ery to a solenoid from a battery, the method comprising: 

dividing the operating time of the solenoid into a plurality 
of time periods using a controller algorithm; and 
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optimiZing the poWer delivered to each of the time periods 
using the controller, 

Wherein the amount of poWer delivered in any of the time 
periods is at least the minimum amount necessary for 
normal operation of the solenoid. 

3. The method of claim 2, Wherein the controller optimiZes 
the poWer delivered to each of the time periods using peak 
and-hold methods. 

4. The method of claim 3, Wherein the peak-and-hold meth 
ods are capable of providing a higher poWer time interval to 
operate a solenoid initially, and then a reduction in battery 
poWer su?icient to maintain the solenoid in an engaged posi 
tion for a period of time. 

5. A system for optimiZing the battery life of a device 
comprising a battery-operated solenoid, the system compris 
mg: 

a battery capable of producing voltage to poWer a solenoid; 
a solenoid; and 

a controller, 
Wherein the controller is capable of generating and utiliZ 

ing a control algorithm, 
the control algorithm capable of providing poWer to oper 

ate the solenoid and operating the solenoid throughout 
the range of voltage Which can be produced by the bat 
tery. 

6. The system of claim 5, Wherein the control algorithm 
uses a peak-and-hold method. 

7. The system of claim 5, Wherein the control algorithm 
divides the operating time of the solenoid into a plurality of 
separate time Zones and optimiZes the poWer delivered to each 
Zone during each time period. 

* * * * * 


